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Summary 
Fouling behaviours of alginate and xanthan, at two different concentrations, 0.2 g/L and 
0.02 g/L during reverse osmosis (RO) were compared. Alginate is an acidic polymer obtained 
from brown algae and two species of bacterial, Azotobacter and Pseudomonas. Xanthan 
gum is an anionic bacterial polysaccharide which is produced by Xanthomonas campestris. 
The structures and composition of those polysaccharides are different, which might lead to 
difference physical properties, giving different fouling results. For a meaningful comparison 
of fouling behaviour, system operating conditions were kept constant between experiments 
(cross flow velocity, pressure, and feed water chemistries). The soluble salts, sodium 
chloride (NaCl) and calcium chloride (CaCl2), were introduced into the feed solution. The 
high foulant test conditions applied were 1 mM calcium concentration and total ionic 
strength of 50 mM by varying NaCl concentration; whereas in the low foulant test 
conditions a 0.5 mM calcium concentration and 10 mM total ionic strength were applied. 
Alginate fouling rates were greatly affected by concentration of polysaccharides, with more 
fouling in high concentration tests; whereas, xanthan fouling was similar in high and low 
concentration tests. 
In general, almost all of salt rejections in foulant fouling tests were above 95%, but in two 
experiments of low alginate fouling they were around 76% and 77%. The lower salt rejection 
results might have been resulted from imperfections or damage to the membrane or the 
contamination of permeate container. From the pH analysis, Xanthan was more acidic than 
alginate under the same concentration of salts in feed solution.  
In addition to foulants, sodium nitroprusside (SNP) was added as it is known to reduce 
polymer viscosity to compare whether fouling rates were improved. SNP is an oxidizing 
agent and may cause depolymerisation of polysaccharides. Adding 0.1 mM SNP into high 
concentration of xanthan or alginate feed solution improved the membrane fouling by 
slightly increasing normalized flux compared to the same concentration of foulant without 
SNP. To compare the effect of ionic strength and polysaccharide oxidation, a second 
compound was included, potassium ferricyanide instead of SNP, which is a similar in 
structure to SNP, but varies in charge and oxidation potential. The result of membrane 
fouling at 0.1 mM potassium ferricyanide was similar to the 0.2 mM SNP test, the 
normalized flux was 0.98.  
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1. Introduction 
Biofilm formation, is a major problem for the membrane processes, they have been 
reported to reduce the efficiency of membrane fouling performance. Biofilms consists of 
bacterial cell and self-produced extracellular polymeric substances (EPS) which excretes 
actively from the microorganisms. EPS is made up of several types of compounds: 
polysaccharides, proteins, nucleic acids, humic substances. A large proportion of organic 
foulants in EPS is polysaccharide, accounting for 50-90% of their total organic matter (Vu, 
Chen and P.Ivanova 2009). Hence, polysaccharide used as foulants model in reverse osmosis 
system would be the best way to understanding of the biological fouling. Alginate is a 
natural negatively charged polysaccharide and is primarily formed by brown algae. In the 
most of studies, alginate has been used microbial model for polysaccharide to test 
membrane fouling. Nevertheless, polysaccharide greatly varies in chemical structures for 
difference species, even same species but different part of the cell that might lead to form 
different physical properties and behaviour resulting of unsuitable as foulant model (Sabra 
and Deckwer 2005). Hence, xanthan which is bacterial polysaccharide was used in this study. 
The objective of this project is to compare the fouling between two model polysaccharides, 
alginate and xanthan, with two different concentration conditions in reverse osmosis (RO) 
system. 
In addition to this, the physical property of polysaccharides is determined by the presence 
of cations, ionic strength and pH. The presences of cations, such as calcium or magnesium 
ions, greatly affect solubility of the foulant solution and in some cases might result in the 
formation of gels (Brink, et al. 2009). Beside this, the addition of divalent cation minimizes 
the electrostatic repulsion between anionic polysaccharide and negatively charged cellulose, 
which increases the polysaccharide molecules absorption into cellulose fiber surface (Paul, 
et al. 2012). The viscosity in polysaccharides is influenced by the ionic strength and pH. For 
example, alginate forms a high viscosity solution under high ionic strength and low pH value 
(Lee and Mooney 2012).  
Sodium nitroprusside (SNP) has been used as a detect agent in quantitative and qualitative 
analysis of organic and inorganic compounds since 1850 (V.N.Bernshtein and V.G.Belikov 
1961). It is low cost but still not widely developed in other application. However, SNP 
contains nitric oxide (NO) group which would help to break down the polysaccharides 
polymer bonding to a small fragments (Duan and Kasper 2011). Based on this, SNP was 
introduced in this study to alter polysaccharide viscosity and therefore to test RO 
membrane fouling as well as comparison for those polysaccharides models (Jinyou and 
Dennis 2010).  
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1.1. Objective 
The objectives of this study are as follow: 
 Compare the fouling behaviour between xanthan and alginate with two different 
concentration  
 Does SNP reduce fouling performance? 
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2. Background 
2.1. Desalination 
To date, almost all portable water in the world is supplied by surface water and 
groundwater resources (Gurudeo Anand Tularam 2007, Semiat 2000). Over 1 billion peoples 
are living without clean drinking water and approximately 2.3 billion people live in the 
regions with the problem of water shortage. Furthermore, the dramatically increasing 
population has led to a higher demand of drinking water. This growth and demand have 
exceeded conventional available water resources, thus lowering the levels of surface water 
and ground water available in many areas (Schiffler 2004, Lauren F. Greenlee 2009). Erratic 
weather induced by the global climatic changes has affected rainfall volume, causing 
drought conditions in some parts of the world, such as Australia (Gurudeo Anand Tularam 
2007, Semiat 2000). Therefore, the shortage of drinking water has forced countries to 
develop their new water supplies, in which water desalination has been considered as an 
effective way to alleviate freshwater scarcity and ease water stress.  
It is found that 96.5% of Earth’s water is located in seas and oceans; hence desalination of 
seawater can be an attractive and logical option for alternative potable water supply. 
Desalination is the process which can be used to remove dissolved salts and minerals from 
seawater and brackish water (e.g. river water) to obtain water suitable for human and 
animal consumption, irrigation and other industrial uses. However, there are still some 
concerns about the use of the desalination to provide potable water, such as high energy 
demands, capital cost and some environmental effect. Despite the negative impacts that 
have been reported at existing plants, the significantly positive aspects attract great interest 
(Lauren F. Greenlee 2009). 
Until now, many countries in the Middle East, North Africa and Central Asia almost 
completely rely on the desalination for their potable water needs (Schiffler 2004, Semiat 
2000). Indeed, it has been a proven technology for easing freshwater scarcity in the Middle 
East for more than 20 years (Gurudeo Anand Tularam 2007). Desalination also appears to be 
an attractive method for low rainfall occurring countries such as Australia, thus reverse 
osmosis desalination plants have been built in Victoria, Western Australia, New South Wales 
and Queensland states. As such, desalination is not a new concept and has been carried out 
to turn salty water into drinking water for decades (Gurudeo Anand Tularam 2007).  
As shown in Figure 1, various desalination technologies have been developed, which can be 
further classified into distillation-based thermal processes and membrane-based processes. 
The thermal processes include multi-stage flash (MSF), multi-effect distillation (MED) and 
vapor compression distillation (VCD).  Electrodialysis (ED), reverse osmosis (RO) and 
nanofiltration (NF) are referred as the membrane-based desalination processes. Membrane-
based reverse osmosis and thermal-based multi-stage flash and multi-effect distillation 
constitute over 90% of the desalination capacity all over the world. Other technologies, 
including electodialysis, only take around 6% of the desalination capacity (T Humplik 2011). 
To date, over 15 000 desalination plants have been installed in the world, and more than 
40% of which are RO desalination plants. It is believed reverse osmosis (RO) desalination 
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capacity will continue to grow strongly worldwide due to its relatively lower energy cost and 
simplicity (T Humplik 2011). Furthermore, the thermal processes distillation plant, in 
particular multi-stage flash (MSF) and multi-effect distillation (MED), currently are over 40%. 
The benefits of these technologies includes high permeate flow production, robust 
operation, large capacity and energy usage is independent of feedwater salt concentration. 
However, the energy requirement of these distillation plants is much higher than RO plants 
because of higher heat vaporization for water (T Humplik 2011). 
In addition to above-mentioned technologies which have been used commercially for 
desalination, in recent years, there have also been some novel technologies developed. In 
particular, forward osmosis process is one of them; however its investigation is limited to 
lab-scale (T Humplik 2011).  
 
 
Figure 1 Schematic diagram of major desalination technologies and their contribution to worldwide desalination 
capacity (T Humplik 2011). 
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2.2. Reverse osmosis 
As shown in Figure 2a, osmosis is a phenomenon in which a solvent (e.g. water) passes 
through a semipermeable barrier (membrane) from one side with lower solute 
concentration to the other side with higher solute concentration. The movement continues 
until the osmotic equilibrium of both sides reaches. When the equilibrium reaches, the 
pressure difference between two sides of the semi-permeable membrane is equal to the 
osmotic pressure of solution. To stop or reverse this water flow, an external pressure which 
is greater than the osmotic pressure difference is applied (Figure 2b), which cause reverse 
osmosis (Williams 2003).  
 
Figure 2a Principals of reverse osmosis in initial conditions and osmotic flow stage (Williams 2003) 
 
Figure 2b Principals of reverse osmosis in reverse osmosis stage (Williams 2003) 
Reverse osmosis (RO) is one of the membrane separation technologies by applying pressure 
as a driving force to force pure water to pass through a semi-permeable membrane, 
resulting in the removal of salts. Typically, the mechanism governing RO separation is 
sorption and diffusion. The ability of reverse osmosis membrane can separate ionic particle 
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with no more than 14 angstorm particulates sizes and less than 500 Daltons molecular 
weight (Sheikholeslami 2007). Therefore, the utilization of RO process can produce high 
quality of pure water (Sheikholeslami 2007). 
The early history of reverse osmosis membrane development can be dated back to 1950. 
The first commercial membrane is cellulose acetate membrane, which were available in the 
1950s and designed by Reid and Breton. This type of membrane has very high salt rejection, 
but lower performance of permeate water flux (Glater 1998). By 1958, the performance of 
cellulose acetate membrane was greatly improved by discovery of Loeb and Sourirajan. 
From their work, the cellulose acetate membrane remains high levels of salt rejection but 
also provide high permeate water flux rate which is 10 times of flux rate as compared with 
Reid and Breton membrane (Glater 1998, Baker 2004). In particular, because of the neutral 
surface and tolerance to limited free chlorine, cellulose acetate membranes normally exhibit 
stable performance. Therefore, they can be used to treat municipal effluent and surface 
water supplies. Another advantage for the use of cellulose acetate membranes are their 
relatively low cost, since they can be fabricated from natural materials cellulose. However, 
the disadvantages have limited the widespread development of cellulose acetate 
membranes, which include a narrow operating pH range, poor biological susceptibility, 
structural compaction under high pressure, and so on. This type of membranes were the 
industry standard between 1960s to the mid-1970s until the development of polyamide thin 
film composite membranes (Glater 1998). As compared with cellulose acetate membranes, 
the polyamide membranes exhibit attractive properties, including better water flux, salt and 
organic rejections, and pressure compaction resistance. Therefore, the polyamide 
membranes are widely used in current single pass seawater desalination plants around the 
world (Dan Li 2010).   
In the reverse osmosis process, there is a need to well design the system, since improper 
design leads to reduction of the system efficiency and production of low quality products. 
The factors of the reverse osmosis system design can be summarized into several aspects, 
which include feed water characterization, RO pre-treatment, RO membrane selection, 
operation conditions, emergency system flush signal, normalized data program and system 
cleaning schedule. The characterization of feed water provides the details of water 
compositions, e.g. the type and concentration of ions as well as foulants. This information is 
able to show the analysis of minimum, maximum and average in daily or seasonal flow 
relating to the energy consumption of reverse osmosis system. Hence, the characteristics of 
feed water greatly affect the design of RO Pre-treatment (Bates 1998). The RO pre-
treatment is a process to minimize the concentration of feed solution before going into RO 
treatment. This is also one of the essential procedures to extend RO system’s lifetime by 
reducing work load acting on RO treatment (Bates 1998). The selection of suitable 
membranes is an important step to determine the permeation rate and salt rejection in RO 
system. Consideration at the membrane selection should include membrane type, the 
membrane surface charge, fouling resistance, feed solution characterization and pressure 
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requirement (Bates 1998). Different parameters are required for adjusting in RO process 
which include temperature, cross flow velocity, pressure and flux rate. These operation 
parameters may affect the bacterial growth, thus fouling rate in RO (Bates 1998). After RO 
operation, the cleaning process should be done on whenever the normalized permeate flow 
drops by 15%.This can remove most of foulants, e.g. suspended substances and bacteria 
depositing on the membrane, which can ensure the RO system running at an efficient way. 
However, the greater frequency of cleaning affects may shorten the lifetime of RO system 
(Bates 1998). 
Reverse osmosis system is commonly used in desalinating brackish or seawater. Normally, 
the brackish water contains approximately between 2000 and 10000 mg/L of the salt (Baker 
2004). The water recovery can be up to 70% which means more concentration of salts in the 
feed, such as calcium, sulphate and silica ions. Due to the scaling characteristics of the 
specific source water, the water recovery is limited by the osmotic pressure (Baker 2004). 
Nowadays, the blackish water reverse osmosis treatment plant generally operates at 200 to 
300-psi range, which is much lower as compared with the first plants at 800 psi, leading to 
lower pump requirement and indirectly saving energy (Baker 2004). However, the total cost 
of brackish water including the costs of energy, chemicals, labour, maintenance, membrane 
replacement and amortization which accounts for 12% per 20 years, is approximately 
AUS1.17 per 3.785kL product (Baker 2004). The amortization cost, in general, is the most 
expensive expense for any treatment plant, which is approximately 30-40% in total cost for 
long run. Excluding the amortization cost, the energy cost is the second expensive cost for 
brackish water treatment plant which is up to 30% of the total cost (Baker 2004). In most of 
the cases, energy cost would be the most effective way to reduce total cost of treatment 
plant by implementing the energy saving option, such as recycling waste heat. The energy 
reduction of brackish RO systems can be up to 60% by implementing isobaric PXTM pressure 
exchanger technology (Bennett 2011). 
On the other hand, the salt rejection of seawater desalination plant can be up to 99.3% or 
more to produce potable water due to high salinity of seawater (Baker 2004). In early stage, 
seawater reverse osmosis treatment plant operates at 1500 psi, but now can drop to 800-
1000 psi due to the membrane improvement (Baker 2004). However, the recovery of 
seawater plant is very low, which is less than 30%-35% due to the high brine osmotic 
pressure (M.Hajeeh, et al. 2002). The operating costs for seawater reverse osmosis plant is 
almost 5 times higher than brackish water one, that is around US$5 per 1000 gal product 
(Baker 2004). The major cost difference between those treatment plants are related to 
energy consumption, membrane replacement and maintenance. Especially energy 
consumption and membrane replacement, seawater reverse osmosis treatment plant, as 
compare with brackish water one, rise to 4.5 times and 9 times respectively (Baker 2004). 
Therefore, the energy saving option and membrane technology development would greatly 
affect the operation cost of the seawater reverse osmosis plant.  The energy saving option 
in desalination plant would simply change the current energy resource in possible 
compounds in system to renewable energy supply.  The renewable energy supply restricted 
to the location, such as wind resource, it is normally linked to coastal areas. However, wind 
energy is the most cost effective option. For example, the high-pressure feed water pump 
linked to a hydro-turbine would lower 30% energy cost in seawater reverse osmosis plant 
(Baker 2004, Penate and Garcia-Rodriguez 2012). In addition to this, RO membrane 
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improvement would focus on the increased membrane area per membrane element and 
reduce the pressure requirement on membrane. These factors would reduce the 
replacement membrane cost and indirectly saving energy (Bennett 2011).  
Furthermore, the special application of the reverse osmosis system could be used in food 
processing, such as orange juice debittering, by implementing two reverse osmosis system 
in combination, tight and loose, giving the fresh juice at 40⁰ Brix (Merry 2010).  
 
13 
 
 
2.3.Membrane fouling 
Membrane fouling is a process as the loss of the membrane performance due to deposition 
of dissolved molecules on the membrane pores or surface (Collentro 2010). Typically, the 
RO performance provides the highest water flux in the first 8 hours system running, and the 
membrane surface is clean in general. After the first 14 days, the water flux normally is 
dropped by 10-15%, but the flux is more stable. However, the bacterial growth and 
multiplication occur in this stage and form bio-film on the membrane. After two weeks, the 
pressure difference between feed and concentrates is increased by 10-15% and the water 
flux drops gradually. This is because the Biofilm develops in thickness. Hence, the cleaning is 
required on this stage (Paul and Abanmy 1990). 
There are four types of fouling mechanisms for porous membranes: complete pore blocking, 
internal pore blocking, particle pore blocking and cake filtration. If the particles are larger 
than the pore size and block it completely, this is complete pore blocking.  Internal pore 
blocking defines some of the particles are smaller than the pore size, and is deposited in 
pore. Particle pore blocking is similar to complete pore blocking, but pore is blocked 
partially and particles might seal it over time. Cake filtration means the particles have 
accumulated to form a layer on the membrane surface (Cui, Y.Jiang and Field 2010).  
In addition, the membrane fouling rates is typically influenced by three parameters: 
properties of membrane, compositions of feed solution and operation conditions. The 
properties of membranes involve the material of membrane, membrane morphological 
structure and its surface properties. The compositions of the feed solution relate to ionic 
strength condition, pH, and the feed concentration. Operating conditions includes the 
control of temperature, pressure, cross-flow velocity and flux flow rate (Li and Chen 2010). 
However, the foulants can be divided into six types and it might lead to difference 
membrane fouling: large suspended particles, small colloidal particles, macromolecules, 
small molecules, scalants and biological material. A large suspended particles are the 
presence of particles in the feed solution which able to block the module channels. Small 
colloidal particles are resulting in aggregation on membrane layer or blocking porous 
structure of the membrane. Macromolecules form gel-like cake on top of membrane.  Small 
molecules can absorb into membrane that cause lower permeability on membrane. Scalants 
might form a precipitate due to pH and salt, that leads to reduction active membrane area. 
The aggregation of biological material is related to the bacteria growth on the membrane 
surface, to form a gel-like cake on the membrane surface (Lipnizki 2007).  
Biological fouling is defined as the undesirable accumulation of biological deposit on the 
membrane surface. Typically, microorganisms normally present in the water body, and tend 
to adhere to surface as well as grow at rich nutrients area. The adhered microorganisms are 
embedded and excrete the extracellular polymeric substances (EPS) to form biofilms. The 
Biofilms greatly effect on the membrane system, for example, EPS has a gel-like structure 
which would increase membrane resistance and damage membrane as well. Hence, it will 
reduce the efficiency of conventional transport of the membrane, resulting in increasing 
operation costs (Flemming 1997). Furthermore, biofilm indirectly decrease the quality of the 
permeate flow, because some of the microorganisms from biofilm permeate through 
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membrane to a permeate flow (Flemming 1997). However, the bacterial growth cycle would 
help to understand the control of biological fouling. Four phases of bacterial growth 
development can be described as follows: lag, exponential growth, stationary and death 
phase. While bacteria enter a new environment, the lag phase bacterial growth remains 
unchanged for a period. After this phase, the bacterial cell growth increase exponentially on 
the membrane surface known as the exponential growth phase.  The stationary phase, in 
which is no change in cell number because the cell growth is in balance and is limited by the 
nutrients exhaustion and organism production waste.  The death phase is reduction of cell 
number due to higher death rate than cell production. Hence, the nutrient concentration is 
the key parameter to control the excess biofilm (Sheikholeslami 2007).  
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2.4. Extracellular Polysaccharides(EPS) 
EPS is an integral part of biofilm, representing approximately 50-90% of their total organic 
matter (Vu, Chen and P.Ivanova 2009). Normally, EPS are natural polymers of repeating 
sugar units which are rich in –OH functional groups that form H bonds. The polymers types 
depend on the origins of polysaccharides. The origins of polysaccharides are mainly plants, 
animals, fungi, bacteria, seeds and seaweeds (Rinaudo 2005). The most common sugar 
residues in EPS are D-Glucose, D-Galactose, D-Mannose, L-Fucose, L-Rhamnose, 
Glucosamine, Galactosamine, D-Glucuronic acid and D-Galacturonic acid (Christensen 1989). 
Some of polysaccharides with uronic acids or ketal-linked pyruvates have anionic properties, 
associating with divalent cations, such as calcium ions, to enhance the binding force. The 
structure of polysaccharides in solution depends on the fixed charges, chain flexibility, side 
chain and substituents. Those structure parameter influence the solubility of EPS, such as 
deacetylated gallen, giving it in gel form (Christensen 1989). The physical property of EPS is 
important, which is linked to the shape of the molecules and chemical composition in 
relation to influence the properties of the biofilm. There are several common physical 
properties of EPS, shown as follows: adsorption characteristic, solubility, ion exchange 
properties, viscosity, gem formation and polymer-polymer interaction. For example, the 
viscosity of EPS would influence transportation of molecule and rheological in Biofilms 
process (Christensen 1989). However, alginate and xanthan were used as the biological 
fouling model in this study which belong to seaweed and bacteria groups.  
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2.5. Alginate 
2.5.1. Source 
Alginate is a natural polysaccharide which is mainly extracted from brown algae 
(Phaeophyceae) including Laminaria digitata, Laminaria hyperborean, Laminaria japonica, 
Ascophyllum nodosum, Sargassum spp. and Macrocystis pyrifera. The length of structures 
and composition of Alginate is various from different species or even in different part in 
same species. A typical example is Laminaria hyperborean and A.nodosum, which both are 
brown algae but difference species, Laminaria Hyperborean can be extracted high content 
of guluronic acid which accounts for almost 60%. On the other hand, A.nodosum contains a 
low content of G-Blocks and low gel strength. Additionally, Alginate can also be produced 
with two genus bacteria, Azotobacter and Pseudomonas. Bacteria alginate provides more 
composition than algae alginate. Basically, all bacteria alginate consists of two guluronic 
acids which algae alginate does, but many of them are abundance in manuronic acid, which 
is highly acetylated. An example of that is A.vinelandii, which is almost the same as algae 
alginate, but it contains O-acetyl group.  However, the sodium alginate powder is used as 
foulant modal which is produced by a series of procedure in industrial production. Simply, 
wet or dry algae is introduced into the alginate production process by adding of water, 
alcohol, calcium chloride and acid, under series of processes including milling and washing 
as well as drying, to form a sodium alginate powder (Lee and Mooney 2012, Sabra and 
Deckwer 2005, Chaplin, Water Structure and Science: Algiante 2012). 
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2.5.2. Structure 
Alginate consists of 1-4 linked β-D-mannuronate(M) and α-L-guluronate resides(G). The 
block structure can be organized into three ways: polyguluronate [G block]; 
polymannuronate [M block]; and heteropolymeric [G-M blocks] (Sabra and Deckwer 2005). 
The content of M block and G block as well as the length of structure differ from different 
source. In additional, the G-blocks is able to form a hydrogels by ionic cross-linking with 
divalent cations, such as calcium ions, being the formation of egg-box-like structure in which 
calcium ions are placed in possible binding sites in single chain of alginate.  On the other 
hands, M blocks or MG blocks binding whatever metal ions to produce softer and elastic 
gels. The difference between M blocks and MG blocks is M block forms extended weaker 
elastic gels, whereas MG block contains disrupted elastic gels due to randomly altering M 
and G polymer. The molecular weight of sodium alginate depends on the number of the 
individual chians, which can be range between 32,000 and 400,000g/mol (Sabra and 
Deckwer 2005, Lee and Mooney 2012).  
 
Figure 3 Block structure of alginate (Chaplin, Water Structure and Science: Algiante 2012) 
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2.5.3. Properties 
Alginate has gelling properties by binding ions, such as sodium, calcium, magnesium, 
strontium, and barium ions (Sabra and Deckwer 2005). In particular, the solubility of 
alginate is greatly affected by high ionic strength in solution. Hence, alginate can be 
precipitated by high concentration of inorganic salts (Wael and Wolf 2005). In addition, the 
viscosity of alginate solution is determined by pH, ionic strength in solution and the 
conformation of alginate molecule. The maximum pH values decreases to around 3 and 3.5, 
as they form hydrogen bonds from carboxylate groups in the alginate backbone, hence 
increase viscosity of solution (Lee and Mooney 2012). Furthermore, ionic strength and the 
conformation of alginate molecule would affect the polymer chain extension, resulting in 
hydrodynamic volume changed, hence forming a viscose solution (Brink, et al. 2009). 
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2.6. Xanthan 
2.6.1. Source 
Xanthan is a natural polysaccharide and formed by bacteria Xanthomonas. Xanthan can be 
produced by the following species: X.campestris, X.fragaria, X.gummisudans, X.juglandis, 
X.phaseoli and X.vasculorum. X.compestris is, a genus of the Psudomonaceae family, the 
most common used to produce xanthan gum. Typically, it is found in plant pathogens, such 
as cabbage, alfalfa and beans. Xanthomonas compestris cell, shows as Figure 2. It is like a 
single straight rod with 0.4-0.7 µm wide and 0.7-1.8 µm long, and presents in yellow, 
smooth and sticky in colonies (Garcia-Ochoa, et al. 2000). Furthermore, the production of 
xanthan gum contains a several steps: Firstly, Xanthomonas campestris is introduced into 
fermenter with rich arbohdrate source for bacterial growth and multiplication. After the 
fermentation of them, heating is applied in the processes to kill bacteria and then 
precipitate xanthan gum by adding isopropyl alcohol. Under milling and drying, the 
commercial xanthan gum is produced (Katzbauer 1998). 
 
Figure 4 Micrograph of Xanthomonas compestris cell (Garcia-Ochoa, et al. 2000) 
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2.6.2. Structure 
The structure of xanthan consists of two D-glucosyl, two D-mannosyl and 1 D-glucuronyl 
acids as well as varible proportions of O-acety and pyruvyl acids, as shown in Figure 2. The 
backbone of the polymer is cellulose, and consists of β-D-mannose-1, 4- β-D-glucuronic acid-
1,2-α-D-mannose attached at the O-3 position. The terminal D-mannose contains 4-6 linked 
pyruvic acids and O-6 acetylated acid (Viebke 2005). The molecular weight of xanthan gum 
range is around 2*106 to 20*106 g/mol (Garcia-Ochoa, et al. 2000).  
 
Figure 5 The primary structure of xanthan (Chaplin, Water Structure and Science: Xanthan gum 2012) 
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2.6.3. Properties 
Xanthan is much stable over a board of pH value, because pH had no effect on xanthan 
production, but enhances the cell growth (Aarthy and Jayaraman 2011). Additional to pH, 
temperature and ionic strength play an important role in xanthan properties. The ordered 
and disordered state for xanthan solution depends on the temperature and ionic strength. 
According to Dario and others (2011), under low ionic strength or high temperature, giving 
xanthan more flexible structure, hence xanthan solution has very high viscosity. On the 
other hand, xanthan tends to have single or double helix, present in ordered structures at 
high ionic strength or low temperature (Dario et al. 2011). 
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2.7. Sodium Nitroprusside(SNP) 
Sodium nitroprusside(SNP) is a reactive nitrogen species which means that release nitric 
oxide(NO) from reactions. According to Duan and Kasper 2011, they prove that SNP would 
assist in the polysaccharides depolymerization by breaking down to smaller fragment. The 
structure of SNP is Na2[Fe(CN)5NO], is shown as Figure 4. Only one ON group is bonded to Fe 
atom and the rest with CN group. The molecular weight is 297.95, and to give dark red 
solution (V.N.Bernshtein and V.G.Belikov 1961). 
 
Figure 6 The chemical structure of SNP (DailyMedPlus N.d) 
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3. Methods 
3.1. Equations 
In RO process, water flux and salt rejection are two important factors. Water flux (Jw) is 
expressed by the volume of water produced per area of membrane at a given period of 
time. It can be calculated by 
 
Where Jw is the water flux (L/m
2h); V is the volume of permeate (L), which was converted 
from the weight of permeate measured by balance over a given period of time; A is the area 
of active membrane (m2); T is the time (h). 
For the comparison of fouling, the normalized flux was calculated by  
F  
Where Fn is the normalized permeate flow; Ft is the permeate flow over a given period of 
time; Fi is the initial permeate flow when starting RO process. 
Salt rejection is used to determine the ionic removal from the feed in RO process, which is 
calculated by  
 
Where R is the salt rejection of membrane (%); Cp is the concentration of the permeate; Cf is 
the concentration of the feed. 
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3.2. System design 
Sterlitech CF042 cross-flow cell was used in this project, as shown in Figure 7 and Figure 8. 
The effectiveness membrane area in Sterlitech CF042 is 42 cm2.The maximum temperature 
and operating pressure for the cell is at 80 ⁰C and 1000 psi. As shown in Figure 7, the cell is 
consisting of two parts. The cell bottom was shown on the right side in the digital photo, in 
which there are feed inlet and concentrate flow outlet. On the other side of photo, the top 
part of cell possesses a porous stainless steel plate. Before the operation, the FO membrane 
is placed and fixed in the cell. It is necessary to identify the active side of membrane which is 
faced down against the bottom part of cell and the support side of membrane is placed 
against the stainless steel plate. The feed solution is pumped from the inlet, come across 
the membranes. Water molecules are allowed to pass through the membrane because of 
the external pressure which is greater than the osmotic pressure of feed solution. Salts in 
the feed are rejected due to the presence of semi-permeate membrane. The permeate goes 
through the porous stainless steel plate as a permeate flow, which is collected and 
measured by weight.  
 
Figure 7 Digital photo of Sterlitech CF042 in cross section 
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Figure 8 Digital photo of Sterlitech CF042 in front section 
The digital photo and flow diagram of RO system are shown in Figure 9 and Figure 10 
respectively. The typical RO system is consisted of a feed tank (20 L), a pump with speed 
controller, a CF042 Cell, a balance for measuring permeate, a fully covered 15 L tank for 
temperature control, a flow meter and two pressure gauges. Firstly, the feed solution from 
feed water tank is pumped to 15 L tank with temperature control. After that, the feed 
solution is transported to CF042 Cell.  In the CF042 Cell, under the hydraulic pressure, 
permeates flow passes through the membrane and concentrated flow is recycled water 
back to the 20 L feed tank by passing through flow meter. On the other hand, the pure 
water product is collected by a beaker and the weight of permeate is recorded 
automatically by a laptop.  
 
Figure 9 Digital photo of RO system used in my report 
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Figure 10 The sterlitech CF042 basic setup diagram (CF042 Cross flow cell 2012) 
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3.3. Membranes and chemicals  
The forward osmosis membrane used in this report was supplied by Hydration Technologies 
Inc. (Albany, OR). The HTI FO membrane contains a cellulose triacetate layer with a 
polyester substrate as a support. The membrane was cut into small pieces with a size 12cm 
 12cm, which were immersed in DI water overnight before FO test. 
All reagents and chemicals were used as received without any further treatment.  
Alginate and xanthan were selected as foulants to study in this project. A certain amount of 
alginate or xanthan powders were added and dissolved completely in 200 mL of DI water 
with continuously stirring under gentle heating. Two different concentrations of foulant 
solution, 0.2 g/L and 0.02 g/L respectively, were prepared to study the effect of foulant 
concentration on membrane fouling. In the solution with 0.2 g/L of foulant, 1.47 g of 
calcium chloride completely dissolved. The total ionic strength of solution was 50 mM, 
which was adjusted by adding NaCl. Similarly, in the solution with 0.02 g/L of foulant, 0.735g 
of calcium concentration was added and ionic strength was adjusted to 10 mM total by 
adding NaCl (Lee, et al. 2010). 
SNP were prepared to investigate their effect on the reduction of membrane fouling. For 
comparison, potassium ferricyanide was used, which possesses similar structure of SNP; 
however all of the CN groups are linked with Fe atoms. The stability of potassium 
ferricyanide is expected to be greater than that of SNP, due to the strong bonding of the CN 
group to Fe atoms. 
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3.4. Fouling test 
Tests were conducted in this project to study the effect of different types and 
concentrations of polysaccharides, including alginate and xathan on the fouling in reverse 
osmosis process. In addition, the feasibility by using SNP or potassium ferricyanide on the 
reduction of fouling was studied. 
3.4.1. Fouling test with different polysaccharides 
Different polysaccharides were utilized for the study on the fouling in RO process, including 
alginate and xathan. Two concentrations were selected in this study, e.g. 0.2 g/L and 0.02 
g/L. In all of the fouling tests, the operating conditions, including initial permeate flux and 
cross-flow velocity, were identical. Permeate flux was continuously monitored using a digital 
balance and recorded in real time on a laboratory computer. Throughout the fouling tests, 
the temperatures of the feed and draw solutions were maintained at around 20 ⁰C. 
The fouling test with polysaccharide was conducted in a standard procedure. Firstly, 10 L of 
DI water was added into the feed tank.  The operating pressure and cross-flow velocity were 
set to 450 psi and 8.3 cm/s respectively. After that, RO system was stabilised for 2 hours to 
maintain a stable water flux.  NaCl and CaCl2 were added into the feed tank and well mixed 
with DI water for 15 minutes. The RO system was ran for another 2 hours to stabilize the 
flux before adding polysaccharide. After adding the polysaccharide, the RO system was run 
for another 3 hours. After that, the conductivity, temperature, and pH of the feed and 
permeate were measured, respectively. After the fouling experiment, the feed solution was 
replaced by DI water. The system was run for 30 minutes to wash out the residue of 
polysaccharide and ions.  
This standard procedure was also used in the following tests in 5.4.2 and 5.4.3. 
3.4.2. Fouling test with SNP 
In this test, SNP was added to investigate its effect on fouling of different polysaccharides. 
0.02 g/L of polysaccharide solution was studied herein. Similar procedures were utilized as 
those above-mentioned (5.4.1). Firstly, 10 L of DI water was added into the feed tank.  The 
operating pressure and cross-flow velocity were set to 450 psi and 8.3 cm/s respectively. 
After that, RO system was stabilised for 2 hours to maintain a stable water flux.  NaCl and 
CaCl2 were added and well mixed with DI water in the feed tank for 15 minutes. The RO 
system was run for another 2 hours before adding the polysaccharide. SNP was added in the 
feed tank and completely dissolved. The RO system was run for another 2 hours. After that, 
the conductivity, temperature, and pH of the feed and permeate were measured, 
respectively. After the fouling experiment, the feed solution was replaced by DI water. The 
system was run for 30 minutes to wash out the residue of polysaccharide and ions.  
At the same time, two additional tests were conducted to ensure the effect of SNP on the 
fouling test. In one of the test, 2 mM SNP was used instead of 1 mM in the fouling test with 
the addition of xanthan (0.2 g/L). The purpose is to investigate the effect of concentrations 
of SNP on the fouling. In the other test, SNP was added into feed solution without the 
addition of any polysaccharide. The objective of this test was to demonstrate that SNP did 
not affect the performances of FO membranes in RO process, including rejection and flux. 
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3.4.3. Fouling test with potassium ferricyanide 
In this test, potassium ferricyanide was utilized to replace SNP in the fouling test. Similar 
procedures were utilized as those above-mentioned (5.4.1). 10 L of DI water was added into 
the feed tank. The operating pressure and cross-flow velocity were set at 450 psi and 8.3 
cm/s respectively. After that, RO system was stabilised for 2 hours to maintain a stable 
water flux.  NaCl and CaCl2 were added and well mixed with DI water in the feed tank for 15 
minutes. The RO system was run for another 2 hours before adding the polysaccharide. 
Potassium ferricyanide was added in the feed tank and completely dissolved. The RO system 
was run for another 2 hours. After that, the conductivity, temperature, and pH of the feed 
and permeate were measured, respectively. After the fouling experiment, the feed solution 
was replaced by DI water. The system was run for 30 minutes to wash out the residue of 
polysaccharide and ions.  
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4. Results and discussion 
The initial design of experiment was to stabilize the water flux by flowing salt solution for 
two hours. After the stabilization of membranes, the water flux of foulant fouling was 
expected to be stable. However, the improved experiment was recorded foulant fouling 
until 3 hours to check whether any significant change in the extra hour. Because of the 
change of experiment procedure, some of data is presented in different fouling periods: two 
hours and three hours fouling run. But according to all experiment results, there is no 
significant change between in two or three hours foulants run. Hence, two different periods 
of fouling data were combined together and plot in two hours fouling test graph which 
presents in the following section as 6.1, 6.2 and 6.3. 
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4.1. Fouling test with different polysaccharides 
 
Figure 11 Comparison of normalized flux-decline curves by using different concentrations (0.02g/L and 0.2g/L) and types 
of polysaccharides (alginate and xanthan) as foulants. 
Figure 11 compares the normalized flux-decline curves by using different types (alginate and 
xanthan) and concentrations (0.02 g/L to 0.2 g/L) of polysaccharides as foulants. It is clear 
that the concentration of alginate greatly affects its fouling. For example, after 2-h RO 
process, the normalized flux is 0.98 with the use of 0.2 g/L alginate solution as the feed 
solution. However, by feeding 0.02g/L alginate solution, the normalized flux is 0.93. On the 
other hand, the normalized fluxes in RO process by feeding different concentrations of 
xanthan are almost unchanged. After 2-h RO process, the normalized flux by using 0.2 g/L 
xathan solution was 0.980; as compared with 0.988 with the use of 2 g/L xanthan feed 
solution. Therefore, the results show that fouling in RO is more severe by using alginate 
than xanthan as a foulant. In other words, fouling arising from xanthan is not significantly 
affected by its concentration in feed. 
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4.2. High xanthan fouling with/without SNP or potassium ferricyanide 
 
Figure 12 Normalized flux-decline curves of high xanthan fouling in RO process with/without SNP or potassium 
ferricyanide 
By adding SNP into high concentration of xanthan solution, in general, it reduces fouling 
compared to that observed in RO process by feeding high concentration of xanthan without 
SNP, is shown as Figure 12. From Figure 12, the normalized flux of the high xanthan with 0.1 
mM SNP increase slightly by less than 0.01, as compared with high xanthan without SNP. 
However, three control experiments were used in this SNP fouling test:  DI water with 0.1 
mM SNP, high xanthan with 0.2 mM SNP and high xanthan with 0.1 mM potassium 
ferricyanide. The Di water with 0.1 mM SNP is the least fouling that the normalized flux is 
closed to 1 in 2 hours RO process. Furthermore, the normalized flux of high xanthan with 
0.2mM SNP is 0.99, which is higher than those fouling tests, high xanthan with 0.1 mM SNP 
and high xanthan without SNP, are 0.985 and 0.98 respectively. Base on these positive 
control tests, this is the evidence that the fouling performance would be reduced by adding 
SNP. However, the result of control test wasn’t expected in the SNP fouling test. The 
normalized flux of high xanthan with 0.1 mM potassium ferricyanide is 0.99, which is almost 
same as the high xanthan with 2 mM SNP, and 0.005 higher than High xanthan with 0.1 mM 
SNP. Therefore, it is clear that SNP potassium ferricyanide will reduce membrane fouling 
slightly, but potassium ferricyanide require more experiment to prove its work on reduction 
of membrane fouling. 
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4.3. High alginate fouling with/without SNP or potassium ferricyanide 
 
Figure 13 Normalised flux-declined curves of alginate fouling with/without SNP or potassium ferricyanide 
The high alginate fouling between SNP and non-SNP is shown on Figure 13. By adding 0.1 
mM SNP on alginate fouling, the normalized flux after 2 hours RO process is increased by 
0.01, as compared with that in high alginate without SNP.  However, the high alginate with 
0.1 mM potassium ferricyanide, as compared with high alginate with SNP, is 0.95 and 0.94 
respectively. The explanation of this is the same as that for high xanthan with 0.1 mM 
potassium ferricyanide. The results show that alginate fouling with SNP or potassium 
ferricyanide reduces the membrane fouling compared with alginate by itself. The possible 
reason might lead to viscosity changed in polymer resulting in reduction membrane fouling. 
But then again, the investigation of potassium ferricyanide on membrane fouling would 
require more research on polymer interaction. 
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4.4. Salt Rejection 
 
Figure 14 The salt rejection of all fouling tests 
The salt rejection of fouling experiment is shown in Figure 14. In general, three trial tests 
should be run on each experiment. But from Figure 14, some of the experiments, such as 
low concentration of xanthan and alginate, required more than 3 trials. This is because 
some of the foulant flux results of those trials were not reliable, for example a huge 
fluctuation on foulant flux occurs, but it does not affect the result of salt rejection. Typically, 
the salt rejection for all experiment is above 95% except two trials of low concentration of 
alginates fouling, which are 77% and 75% respectively. The lowest salt rejection results 
might related to the human error, such as membrane damaged or contamination of 
permeate flux container. Another possible reason is that the membrane used in this study is 
FO membranes (HTI, US) with a cellulose triactate layer which is preferred to use in FO 
membrane process; whereas it might reduce the performance in RO membrane process. 
Hence, the result of salt rejection is still acceptable.  
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4.5. pH 
 
Table 1 the table of pH for foulant test 
There is no pH adjustment in this RO system, because of the following reasons:  
 The pH is a factor that affects the membrane fouling performance. Typically, the RO 
system should run at least 24 hours and that leads to feed pH drop dramatically 
because of more salts left into feed solution during RO process. In this report the RO 
system has ran for 7 hours only, the feed pH drop has dropped slightly because of 
less difference of the volume of the feed solution between initial stage and in 7 
hours period.  
 The pH ranges in this system is around 5 to 6, it does not form any hazard solution or 
salt precipitation of both polysaccharides between these ranges. 
However, the pH table for all foulant tests is shown as Table 1. The high concentration of 
alginate foulants tests, including with SNP, potassium ferricyanide and non-SNP, are 
presented in red highlight; the high xanthan foulants tests are presented in yellow highlight. 
The pH values of all high foulant fouling tests are really closed: 5.08 to 5.17 for high xanthan 
and 5.26 to 5.31 for high alginate. This is because the pH value does not influence much by 
adding small amount of SNP or potassium ferricyanide. On the other hand, the pH value of 
xanthan and alginate at low concentration are 5.49 and 5.78 respectively, which are the 
highest pH value compared with high concentration foulant fouling test. And the pH value of 
Di water control at high salt concentration with 0.1mM SNP is given as 5.14. Base on all the 
pH value comparison of all foulant fouling experiment, it is concluded in the following:  
 The xanthan fouling is generally more acidic than alginate fouling during the period 
of time. 
 The small amount of SNP or potassium ferricyanide do not influence feed pH value 
significantly.  
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5. Conclusions 
Studying the characteristic of difference polysaccharides, alginate and xanthan, on 
membrane fouling in RO process led to the following conclusions: 
 Raising the concentration of the total ionic strength of the feed solution on alginate 
fouling significantly decreases the membrane fouling.  The strong alginate fouling is 
related to the calcium ions in feed solution, forming a rigid gel on the membrane 
surface that reduces the fouling rate. 
 Increasing the concentration of the total ionic strength in xanthan fouling almost 
unchanged. The ionic strength does not affect the xanthan gel formation 
significantly, resulting of similar fouling rate by arising the feed concentration. 
However, the testing of SNP and potassium ferricyanide on biological fouling in RO process 
can be concluded as the follows: 
 The biological fouling rate, either alginate or xanthan fouling, is reduced by adding 
SNP.  In general, raising SNP concentration is proportional to decrease membrane 
fouling rate. The increasing membrane fouling is because SNP release NO-group to 
break down polysaccharides to smaller fragments.   
 Under same concentration of oxidized agent, the potassium ferricyanide provides 
better reduction membrane fouling rate, as compared with SNP.  
Furthermore, the salt rejection of biological fouling in RO process, in general, is above 95%, 
which is an acceptable value.  
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6. Future work 
In this project, we understand the comparison between alginate and xanthan fouling and 
SNP as well as potassium ferricyanide reduce membrane fouling in RO system. Hence, it will 
be useful to focus on 3 objectives in the future. 
 Explore the difference between alginate and xanthan fouling in forward osmosis (FO) 
system; 
 Compare the fouling in RO and FO systems; 
 Investigate and compare the effects of SNP and potassium on fouling in FO and RO 
systems.  
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Table 2: Gantt Chart 
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